pared by hydrothermal reaction exhibited excellent phosphor properties which were similar with that prepared by sol-gel method. Its photocatalytic activity for hydrogen evolution was higher than that of TiO 2 photocatalyst.
Introduction
The alkaline earth aluminates have attracted a great attention as long afterglow materials because of their excellent photoluminescence, radiation intensity, color purity and good radiation resistance [1] . Especially, strontium aluminates codoped with europium and dysprosium are used in the many fields due to its excellent phosphorescence. They are applied in an emergency lighting, safe indication, signposts, graphic arts, billboards, and interior design [2] [3] [4] . In addition, they can be introduced to synthesis new metal compound composite materials [5] and the cathode-ray tube and plasma display panel [6] [7] . They also present a photocatalytic activity as a photocatalyst due to their photosensitive properties [8] . The sol-gel process has drawn much interest to obtain novel chemical compositions and relatively lower reaction temperature resulting in homogeneous products [9] . It enables to synthesize the phosphors with small size. Recently, it has been concerned for the inorganic salt-based sol-gel approach rather than alkoxide-based sol-gel process in preparation of strontium aluminate luminescent materials [10] [11] . This is caused that the inorganic salts are usually nontoxic and cheaper than alkoxides. [24] . Among these methods, the hydrothermal reaction is one of the most promising synthesis methods to obtain nanocrystallines having narrow particle size distribution, small particle size, crystallinity, good purity and well-controlled morphology. The method can be readily performed by a simple process with various starting materials at low temperatures without calcination [25] . The hydrothermal reaction method exhibits many advantages, such as a relatively low reaction temperature, high homogeneity and purity of the products. Therefore, nanosized phosphors that are uniformly distributed could be prepared by this method. In addition, it has suggested that the rare-earth fluoride nanocrystals can be changed gradually in growth with decreasing ionic radii by hydrothermal synthesis method [19] .
However, the mixed reactants sol process should be calcined at higher temperature than 1000˚C to prepare the SAO by sol-gel method. The calcination at lower temperature to the reactant sol is impossible to lead a good crystallinity of the SAO in the sol-gel method [26] . The calcining temperature should be lowered to accomplish a low-cost preparation in the synthesis process of SAO.
This report assessed the preparation of SAO by hydrothermal reaction through the process of calcination at lower temperature. The physical properties of the SAO were characterized in comparison with those of the SAO prepared by sol-gel method. The photocatalytic water decomposition using the SAO was performed to estimate its photocatalytic properties for hydrogen production.
Experimental

Preparation of SAOs
SAOs were prepared by both a sol-gel method and a hydrothermal reaction. In for 12 h. Then, it was calcined at 550˚C for 4 h in the reducing atmosphere.
Commercially available TiO 2 (Degussa, P25) was employed as a control material in photocatalytic water decomposition. Ag ions were loaded on TiO 2 and SAO according to the method of typical incipient wetness impregnation. Silver(II) chloride (98%, Duksan) was used as a precursor of the Ag/TiO 2 and Ag/SAO photocatalysts. The Ag ions were incorporated on the photocatalystcrystallines at a 2 wt% the theoretical content.
Photocatalytic Decomposition of Water
The photocatalytic water decomposition was performed in an air-free closed gas circulation system which is connected to a GC with vacuum line. Distilled water was introduced as a reactant. Photocatalyst (1 g) was suspended with 400 ml of the water by magnetic stirring. A high pressure Hg lamp (Ace glass, 450 W) installed within the reactor was irradiated into the water. After air was excluded, Nitrogen gas was introduced by ca. 300 Torr before the irradiation. Gaseous products were quantitatively analyzed by GC (Shimadzu GC-10A).
Characterization of the SAOs
Phase identification of the SAOs particles was measured by X-ray diffraction (XRD) patterns, which was conducted on X-ray diffractometer (Rigaku Model D/max-II B). The XRD patterns was measured at 40 kV and 30 mA with a scan speed of 5˚/min, scanning angle from 10˚ to 60˚, and a step of 0.02˚ using Cu Kα X-rays. Crystal size and morphologies of the SAOs were investigated by scanning electron microscopy (SEM; Hitachi S-4700). Their chemical components were analyzed by energy dispersive X-ray spectroscopy (EDS; NORAN Z-MAX 300 series). The N 2 isotherms of the SAO were investigated using the volumetric adsorption apparatus (Mirae SI, Porosity-X) at liquid N 2 temperature. The sample was pretreated at 150˚C for 1 h before exposure to nitrogen gas. Surface areas of samples were calculated by the BET equation [27] . Transmission electron mi- The compositions of phosphors were analyzed using an energy EDX micro analyzer (PGI IMIX PC) mounted on the microscope. The photoluminescent properties were evaluated with a photoluminescent spectrum (Hitachi F-4500).
UV-vis diffuse reflectance spectra (DRS) were measured using a UV-vis spectrometer (Shimadzu UV-2450) in the region, 200 -700 nm using BaSO 4 as the reflectance standard. The optical bandgap energy (E gap ) was calculated according to Kubelka and Munk method for the indirect electronic transitions. [29] . Simultaneously, thermal vibrations of surrounding ions and local vibrations in the lattice structure are resulted in luminescence spectra with the broad bands [23] . The SAO prepared by hydrothermal reaction through a lower temperature calcination exhibited same emission intensity with the SAO prepared by sol-gel method through a high at temperature calcination. 
Results and Discussion
Physicochemical Properties of the SAOs
Luminescent Properties of the SAOs Products
Photocatalytic Properties of the SAOs
Hydrogen was generated in the gaseous products with a small amount of oxygen from water photocatalytic decomposition. No new liquid products were formed during the photocatalysis. The fundamental photocatalytic water splitting on photocatalyst involves multiple steps, including light absorption by the photocatalyst, photoexcitation of charge carriers (electron-hole pairs), separation of excited charges, migration of charge carriers to the photocatalyst surface, the transfer of charge carriers to water or other molecules, and surface reaction for H 2 or O 2 formation. Figure 6 shows the rate of hydrogen evolution over TiO 2 and SAO prepared by hydrothermal reaction. Hydrogen was evolved by UV irradiation on the SAO phosphor. The rate on SAO was higher than that on TiO 2 photocatalyst. It seems that the higher photocatalytic activity of SAO was attributed to its higher photosensitivity, which has defined in the DRS results.
The SAO represented a lower bandgap than TiO 2 . The hydrogen evolution rate was improved with Ag loading on the TiO 2 and SAO surface. B.
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